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ANALYSIS 


OF  THE 


t  r 


HOT  SPRINGS  AT  BATH. 


w^ansEESSS 


1  HE  nature  of  the  country  round  Bath,  and  other 
local  circumftances,  have  been  fo  fully  defcribed  by  thofe 
who  have  given  chemical  examinations  of  the  waters  of 
the  hot  fprings  at  that  place,  that  any  further  defcription 
appears  unnecefiary. 

As  to  the  caufe  of  the  heat  of  thefe  fprings,  we  have  fo 
few  data  from  which  to  reafon,  that  I  fhall  not  offer  even 
a  conje&ure  on  the  fubjeCt. 

Thefe  waters  have  been  frequently  analyfed.  They 
have  merited  the  attention  they  have  received,  not  only 
from  their  early  and  extenfive  employment  in  the  cure  of 
difeafes,  but  alfo  on  account  of  fome  peculiar  changes  to 
which  they  are  fubjeCt.  Of  thefe  the  explanations  have 
been  fo  various  as  to  fhow  that  they  require  ftill  further 
examination. 


A 


Of  the  fenfible  properties  exhibited  by  thefe  waters  the 
moft  remarkable  is  their  high  temperature,  the  degree  of 
which  varies  confiderably  at  their  different  fources.  At 
the  hot  bath  it  is  1170;  at  the  king’s  bath  1140;.  and  at 
the  crofs  bath  109°.  This  ftatement  does  not  exadlly 
agree  with  what  has  been  ufually  given  as  their  tempera¬ 
ture.  Thefe  refults  were  obtained  by  pumping  the 
water  upon  the  bulb  of  a  thermometer  till  the  mercury 
ceafed  to  rife.  Their  tafle  is  metallic,  but  not  ftrongly 
or  difagreeably  fo  ;  this  has  not  been  univerfally  allowed  : 
but  if  they  are  drank  hot,  this  impreffion  is  readily  dif~ 
tinguifhable. 

Their  fpecific  gravity  is  i*oo2  at  each  of  the  fprings  $ 
and  as  the  effects  produced  by  chemical  tells  are  alfo  per¬ 
fectly  fimilar,  they  may  be  confidered  as  derived  from 
one  fource,  the  temperature  varying  by  their  more  or  lefs 
circuitous  paffage  to  the  furface.  For  the  purpofe  of 
analyfis  the  water  of  the  king’s  bath  has  been  ufually  em¬ 
ployed  ;  and,  although  it  does  not  appear  to  be  a  matter 
of  muck  importance,  I  have  followed  the  ufual  practice. 

Before  the  experiments  made  upon  the  water  are  re¬ 
lated,.  it  will  be  neceffary  to  ftate  thofe  employed  to 
afcertain  the  properties  of  the  gas,  which  rifes  in  great 
quantity  through  the  water  in  the  king’s  bath. 

This  gas  is  perfectly  free  from  fmell. 

A 

Some  of  the  gas  was  received  into  a  jar.  A  lighted 
taper  put  into  it  was  immediately  extinguifhed. 

B 

Received  into  lime  water,  it  caufed  an  immediate  pre¬ 
cipitation.. 
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Tin&ure  of  litmus  fufFered  no  change  of  colour  by. 
agitation  with  the  gas. 

D 

The  colour  of  dilute  tin&ure  of  turmeric  and  infufion 

■  -  ..  .  _ -a  />7 

of  galls  was  deftroyed  by  it. 

From  thefe  effects  the  gas  appears  to  confift  principally, 
of  nitrogen  gas  with  a  fmall  portion  of  carbonic  acid  gas. 
To  afcertain  the  quantity  of  each,  and  whether  any. 
oxygen  gas  was  prefent,  the  following  experiments  were 
performed : 

E 

One  hundred  meafures  of  the  gas  were  ftrongly  agi¬ 
tated  with  barytes  water  in  a  graduated  tube.  A  con- 
nderable  precipitate  was  depofited,  and  five  meafures, 
were  abforbed. 

F 

One  meafure  of  nitrous  gas  was  added  to  an  equal 
quantity  of  the  gas  in  an  eudiometer  in  tire  water  appara¬ 
tus.  The  mixed  gales  underwent  no  alteration  of  colour 
or  diminution  of  volume. 

G 

One  hundred  meafures  of  the  gas  which  had  been 
deprived  of  carbonic  acid  by  barytes  water  were  fub- 
mitted  to  the  a£tion  of  folution  of  green  muriate  of  iron 
impregnated  with  nitrous  gas.  No  abforption  took  place* 

This  gas,  therefore,  confifts  of, 

Carbonic  acid  gas  .  .  5 

Nitrogen  gas  .  •  •  95 


A  2 


IOO 
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I  now  proceeded  to  try  whether  the  water  held  eithef 
of  thefe  gafes  in  folution. 

H 

Ten  ounces  of  the  water,  which  had  been  cooled  in  a 

• 

Well-clofea  bottle,  were  put  into  a  veflel  furnifhed  with  a 
bent  tube ;  the  water  was  boiled  for  about  twenty  mi¬ 
nutes,  and  the  gas  evolved  from  the  water  and  the  air  of 
the  tube,  except  a  quantity  too  fmall  to  be  eftimated, 
were  received  in  a  graduated  jar  over  mercury.  Solution 
of  potafh  abforbed  3*4ths  of  an  inch  this  gas,  which  was 
carbonic  acid* 

I 

The  unabforbed  gas  was  transferred  to  the  water  appa¬ 
ratus,  and  tried  in  the  ufual  way  with  nitrous  gas.  The 
mean  refult  of  comparative  experiments  upon  it  and  at- 
mofpheric  air  ihowed  that  it  was  merely  the  air  of  the 
veflel,  and  that  no  nitrogen  gas  was  held  in  folution  by 

r  *  v  +  + 

the  water. 

As  ten  ounces  of  the  water  gavO  *75  of  an  inch  of  car¬ 
bonic  acid,  one  quart  would  furnifh  2*4.  This  quantity 
is  not  quite  exabt,  it  being  fcarcely  poflible  to  obtain  the 
whole  of  the  carbonic  acid  by  ebullition. 

EffeBs  of  Atmofpheric  Air  and  Re-agents . 

K 

Some  of  the  water,  while  hot,  having  been  expofed  in 
a  veflel  of  broad  furface  to  the  atmofphere,  afforded  in  a 
few  hours  a  fmall  quantity  of  a  white  precipitate  $  but 
water  which  had  been  cooled  in  a  clofe  veflel  remained 
perfectly  tranfparent  after  feveral  weeks  expofure  to  the 


air* 


5 


The  re-agents  added  to  the  water  while  hot,  and  the 
effedts  produced  by  them  were  the  following  : 

L  -  O.iiJC'J  ; 

Acetate  of  lead, — a  perfe<£hly  white  precipitate. 

M 

,  ft-  -9  * 

Tincture  of  litmus, — no  alteration  of  colour. 

N 

*  9  ■  .  ' 

Tiridture  of  turmeric, — no  change  indicating  the  pre- 
fence  of  uncombined  alkali ;  its  colour  immediately  almoft 
deftroyed. 

•  i  r  ^  r  i 

O 

Lime-water, — a  white  precipitate. 

P 

Ammonia, — a  white  precipitate. 

Q 

Carbonate  of  ammonia, — a  white  precipitate. 

R 

Some  of  the  water  was  boiled  with  a  little  nitric  acid, 
— ammonia  added  to  this  gave  no  precipitate. 

S 

.  Oxalate  of  ammonia, — a  precipitate. 

W  T  ; 

.ents  etrate  of  barytes, — a  precipitate  infoluble  in  nitric 


\ 
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•  Nitrate  of  filver, — a  white  precipitate  infoluble  in  nitric 
acid. 

-  •  V 

Sulphuretted  hydrogen  water, — no  precipitate  or  change 
of  colour  ;  the  water  became  very  flightly  turbid. 
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w 

Pruffiate  of  potafh, — no  immediate  eiFe&  :  after  fern?: 
weeks  the  water  became  flightly  green. 

X  • 

Infufion  of  galls, — immediately  a  peach-bloffom  red 
colour,  arid  very  foon  a  precipitate  which  became  dark 
purple  by  expofure  to  the  air. 

All  the  above  effects  are  alfo  produced  after  the  water 
has  been  cooled,  excepting  that  the  colour  of  tin&ure  of 
turmeric  is  not  then  deftroyed,  and,  under  fome  circum- 
ftances,  no  red  colour  occurs  upon  the  addition  of  infufion 
of  galls. 

Y 

A  quantity  of  the  water  was  evaporated  to  drynefs,  and 
diitilled  water  added  to  the  reliduum.  Nitrate  of  lime 
poured  into  the  folution  afforded  a  cryftalline  precipitate 
in  a  few  hours,  indicating  the  prefence  of  an  alkaline  ful» 
phate. 

I  fhall  now  ftate  the  inferences  to  be  deduced  from 
thefe  experiments. 

Carbonic  acid  exifts  in  this  water  (BE).  A  confider- 
able  portion  of  it  efcapes  at  the  high  temperature  ^t 
which  the  water  is  obtained,  its  evolution  occafioning^ 
precipitation  of  fome  fubflance  which  it  held  in  folutiod 

(K). 

From  Experiment  (L)  it  is  evident  that  no  fulphuretted 
hydrogen  gas  is  prefent. 

As  no  alteration  of  colour  is  effedled  upon  tindlure  of 
litmus  by  the  carbonic  acid  (M),  it  is  evident  that  acid  is 
prefent  only  in  fufficient  quantity  to  diffolve  the  fubftance 
precipitated  by  its  evolution. 
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The  deftru£tion  of  the  colour  of  tinclure  of  turmeric 
(N)  is  clearly  occalioned  by  the  gas  during  its  paffage 
through  the  water  (D). 

The  efFe£t  produced  in  experiment  (O)  is  owing  to 
the  formation  of  carbonate  of  lime,  and  the  precipitation 
of  it  and  of  the  fub (lance  previoufty  diflolved  by  carbonic 
acid  (K).  V  .  ;  -  1 

A  part  of  the  precipitate  obtained  by  adding  ammonia 
(P)  mufl  have  been  fimilar  to  that  of  experiment  (K), 
and  to  a  portion  of  that  of  experiment  (O),  produced  in 
(P)  and  (O)  by  combining  the  folvent  carbonic  acid  in- 
ftead  of  expelling  it  as  in  experiment  (K).  The  precipi¬ 
tate  was  carbonate  of  lime,  or  of  magnefia,  or  both. 

As  earthy  carbonates  are  not  precipitable  by  alkaline 
carbonates,  the  precipitate  formed  by  carbonate  of  ammo¬ 
nia  (QJ  indicates  the  prefence  of  fome  other  earthy  fait. 

From  experiment  (R)  it  appears  that  no  alumina  or 
rhagnefia  exifls  in  the  water,  and  that  the  precipitate  ob¬ 
tained  in  experiment  (K)  was  carbonate  of  lime*  But 
according  to  Dr.  Gibbes  fulphate  of  alumina  is  prefent. 
It  feems,  however,  that  Dr.  Saunders  is  perfectly  cor¬ 
real  in  fuppofing  that  it  forms  no  part  of  the  faline  con¬ 
tents  of  the  water.  In  addition  to  the  experiments  already 
ftated,  it  may  be  fhewn  to  be  incompatible  with  the  falts 
a£lually  exifting  in  it;  for  the  addition  of  a  folution  of 
fulphate  of  alumina  occafions  immediate  precipitation. 

As  Dr.  Gibbes  has  infilled  on  this  point,  I  (hall  here 
mention  what  appear  to  have  been  the  caufcs  of  his  mif- 
take.  In  reply  to  Dr.  Saunders’s  fuppofition,  that  the 
precipitate  which  he  took  for  alumina  was  carbonate  of 
lime,  he  has  ftated  that  it  was  precipitated  from  the 
water  by  ammonia  after  oxalic  acid  had  ceafed  to  pro- 
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duce  any  further  effect.  This  method  is  fubje£t  to 
error  ;  for  the  oxalic  acid  appears  to  have  been  employed 
without  previous  combination  with  an  alkali ;  and,  as 
oxalate  of  lime  is  foluble  in  oxalic  acid,  it  is  evident  that, 
if  more  of  the  latter  were  employed  than  was  fufficient 
to  precipitate  the  lime,  it  would  difiblve  a  portion  of  oxa¬ 
late  of  lime.  The  acid  in  combination  with  the  lime 
previous  to  the  addition  of  oxalic  acid,  not  having  an 
alkali  to  combine  with,  would  diflolve  a  further  portion 
of  oxalate  of  lime  5  and  unlefs  the  carbonic  acid  was  ex¬ 
pelled  or  faturated,  it  alfo  would  increafe  the  error. 
From  thefe  circumftances  I  fufpebt  that  the  precipitate 
afforded  by  ammonia  was  oxalate  of  lime,  this  compound 
being  precipitable  from  acids  by  alkalies. 

Experiment  (S)  determines  the  prefenee  of  lime. 

Experiment  (T)  ihows  that  fulphuric  acid  exifts  in  the 
water. 

The  effe<T,  produced  by  nitrate  of  filver  (U)  refults 
from  the  abtion  of  muriatic  acid. 

As  no  metallic  oxide,1  difcoverable  by  fulphuretted 
hydrogen,  was  fufpefted,  the  appearance  it  produced  (V) 
was  fuppofed  to  be  derived  from  its  a£Hon  upon  carbonate 
of  lime.  This  was  afcertained  to  be  the  cafe  by  direct 
experiment. 

The  prufliate  employed  in  experiment  (W)  was  the 
triple  compound  containing  oxide  of  iron.  It  was  ima¬ 
gined  that  the  flight  greennefs  which  was  affumed  by  the 
water  might  be  occafioned  by  the  abtion  of  the  carbonic 
acid,  notwithflanding  its  holding  carbonate  of  lime  iti 
folution,  this  effect  being  eafily  produced  by  the  applica¬ 
tion  of  the  ftronger  acids.  A  fmall  quantity  of  the  triple 
pruifiate  was  therefore  added  to  a  folution  of  carbonate 
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of  lime  in  carbonic  acid :  after  a  confiderable  time  it 
acquired  a  green  colour  exactly  fimilar  to  that  obferved 
in  experiment  (W).  Dr.  Falconer  has  indeed  ftated  that 
a  blue  colour  is  to  be  obtained  by  the  action  of  prufiiate 
of  potafh  upon  the  water ;  but,  as  it  did  not  occur  till 
after  the  addition  of  fulphuric  acid,  it  is  evident  that  this 
effect  was  produced  by  the  adtion  of  the  acid  upon  the 
oxide  of  iron  of  the  prufiiate. 

Although  the  prefence  of  oxide  of  iron  is  not  at  all 
indicated  by  prufiiate  of  potafh,  (probably  on  account  of 
the  fmallnefs  of  its  quantity,)  yet  it  is  evident  from  the 
adtion  of  infufion  of  galls  (X)  that  a  minute  portion  of 
it  actually  exifics  in  the  water;  the  light  colour  of  the 
recent  precipitate,  and  its  becoming  darker  by  contact 
with  atmofpheric  air,  fhowing  that  it  is  in  the  flate  of 
protoxide.  In  making  this  experiment  it  is  requifite  to 
ufe  a  very  fmall  quantity  of  the  infufion  of  galls  ;  for,  if 
much  more  than  five  drops  of  it  are  added  to  one  ounce 
of  the  water,  no  indication  of  oxide  of  iron  is  produced, 
the  water  becoming  of  a  light  reddifh  brown  colour,  and 
affording  no  precipitate.  An  excefs  of  this  infufion  re-adts 
upon  the  compound  of  vegetable  matter  and  oxide  of  iron 
fo  completely  as  to  prevent  the  appearances  readily  pre- 
fented  by  a  fmall  quantity. 

From  the  well-known  laws  of  chemical  affinity  it  is 
evident  that  the  oxide  of  iron  is  combined  with  carbonic 
acid ;  this  compound  undergoing  fome  curious  changes, 
which  have  occafioned  much  difcufiion. 

i  *  *  *  1 

.  It  has  been  obferved,  that  one  of  the  mofl  active  tefis 
of  oxide  oi  iron  does  not  in  this  water  produce  any  ap¬ 
pearance  of  its  prefence ;  and  the  flight  metallic  tafte 
which  it  communicates  when  hot  and  frefh  has  been  un- 
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noticed  by  fome  analysts.  This  tafte  is  loft  by  cooling, 
even  in  well-ftopped  bottles ;  and  every  method  which  I 
have  tried  to  reftore  it  has  been  unfuccefsful.  It  has  alfp 
been  mentioned  that  the  a£Hon  of  infufon  of  galls  is  in 
fome  cafes  loft. 

The  proofs  that  this  water  contains  oxide  of  iron  thus 
exifting  under  fingular  circumftances,  and  liable  to  ceafe, 
it  is  not  furprifjng  that  they  have  been  affifted  by  colla¬ 
teral  evidence.  It  has  been  afferted  that  the  water  depo¬ 
sits  a  pale  yellow  ochrey  precipitate-,”  but  this  is  cer¬ 
tainly  an  error,  the  precipitate  being  perfe&ly  white. 
Another  circumftance  which  has  been  adduced  to  prove 
the  precipitation  of  oxide  of  iron  is,  that  the  Tides  of  the 
Icing’s  bath  become  encrufted  with  it :  this  obfervation,  as 
to  fa£t,  is  corredft  j  but  the  oxide  appears  not  to  be  depo¬ 
sited  from  the  water,  but  derived  from  the  ftone,  by  the. 
increafed  oxidizement  of  the  iron  contained  in  it,  by  the, 
alternate  application  of  air  and  water.  Having  procured 
a  fpecimen  of  oolite  fimilar  to  that  of  which  the  Tides  of 
the  bath  are  conftructed,  I  added  a  drop  or  two  of  nitric 
acid  to  it ;  by  this  the  iron  became  inftantly  and  com¬ 
pletely  oxidized,  affording  an  appearance  fimilar  to  that 
which  has  been  fuppofed  to  be  depofited  from  the  water. 

Another  fa<ft  has  been  noticed  equally  deceptive  with, 
the  above  ftated,  which  is,  that  the  clothes  of  the  bathers 
become  ftained  with  iron  moulds.  It  is  indeed  true,  that 
the  bright  yellow  colour  of  tire  fubftance  of  which  thefe 
clothes  are  made  changes  to  a  brown  ;  but  this  change  is 
not  partial,  nor  has  it  any  refemblance  to  iron-moulds  i 
it  feems  to  be  effected  merely  by  the  decay  of  the  colour¬ 
ing  matter,  and  I  find  that  folutions  of  iron  do  not  change 
the  yellow  colour. 


The  fact  which  has  occafioned  moil  difcuflion  refpecl- 
ing  the  oxide  of  iron,  is  the  lofs  of  power  of  infufion  of 
galls  to  detedl  it.  The  following  experiments  will  fhow 
under  what  circumflances  this  occurs. 

a 

About  one  pint  of  the  water  was  expofed,  while  hot, 
to  the  atmofphere  in  a  veffel  of  broad  furface.  After  it 
had  remained  about  1 6  hours,  a  fmall  quantity  of  car¬ 
bonate  of  lime  was  depofited  by  the  evolution  of  carbonic 
acid  gas.  The  precipitate  was  perfedlly  white,  and  had 
not  the  flighted:  appearance  of  containing  oxide  of  iron. 
To  this  water  infufion  of  galls  was  added  without  occa- 
fioning  the  lead:  alteration  of  colour. 

b 

As  the  quantity  of  oxide  of  iron  in  the  water  is  evi-? 
dently  extremely  fmall,  it  may  be  imagined  that  it  was 
precipitated  with  the  carbonate  of  lime,  but  efcaped  ob- 
fervation  from  the  minutenefs  of  the  quantity.  To  obviate 
this  objection,  fome  of  the  water  was  clofely  flopped  in 
a  vial  for  four  or  five  days  :  upon  examination  it  was 
found  to  poflefs  its  tranfparency  perfectly,  and  without 
having  afforded  any  precipitate  *,  to  fome  of  this,  infufion 
of  galls  was  added  without  producing  the  flighted:  indica¬ 
tion  of  oxide  of  iron. 

c 

Some  of  the  water  -which  had  been  cooled  fo  as  to 
rretain  its  tranfparency,  was  heated  to  its  original  tempe- 
Tature  j  infufion  of  galls  was  then  added,  but  without 
producing  any  effedl. 

The  fadls  exhibited  in  experiments  {b)  and  (r)  have 
been  long  known,  and  have  given  rife  to  an  idea  that  the 
iron  is  volatilized.  Although  this  opinion  is  incompatible 
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with  fa&s  already  mentioned,  yet  it  may  not  be  amifs  tQ 
(hew  more  particularly  that  it  is  completely  erroneous. 
As  it  cannot  be  imagined  that  the  temperature  of  the 
water  is  fufficient  to  volatilize  mere  oxide  of  iron,  the 
exiftence  of  fome  fubftance  capable  of  carrying  it  off 
mult  have  been  fuppofed.  That  muriatic  acid  and  muri¬ 
ate  of  ammonia  poffefs  this  power  at  high  temperatures 
is  well  known,  but  no  uncombined  muriatic  acid  or  pau- 
riate  of  ammonia  is  prefent.  Hydrogen  gas  is  faid  alfo 
to  be  capable  of  volatilizing  iron ;  but  the  gas  evolved 
from  the  water  has  been  fhown  to  confift  of  nitrogen  gas 
and  a  fmall  quantity  of  carbonic  acid  gas,  and  to  neither 
of  thefe  gafes,  alone  or  combined,  has  any  fuch  power 
been  attributed.  If,  however,  they  really  poffefs  it  in. 
this  inftance,  they  muft  be  regarded  as  the  folvent  of  the 
iron,  and  the  effedt  produced  upon  infufion  of  galls  muft 
be  derived  from  the  gas  diffufed  in  fmall  quantity  through 
the  water.  If  this  be  the  cafe,  the  application  of  the  con¬ 
centrated  folution  of  irop  fhould  produce  a  much  more 
diftindt  effedt  upon  the  infufion ;  but  it  has  been  Ihown 
(D)  that  the  gas  deftroys  the  colour  of  infufion  of  galls 
inftead  of  increafing  it,  which  would  be  the  effedl  if  it 
contained  oxide  of  iron. 

d 

About  one  gallon  of  the  water  was  put  into  a  veffel 
of  confiderable  depth,  of  which  it  occupied  about  two- 
thirds  :  it  was  flightly  covered,  and  remained  about 
twenty-four  hours.  It  then  retained  its  power  of  afford¬ 
ing  a  peach-blofiom  coloured  precipitate  with  infufion  of 
galls  (X)  in  a  very  confiderable  degree. 

It  is  remarkable  that  in  this  experiment  the  refult 
Ihould  have  proved  fo  different  from  that  obtained  in  one 
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where  the  circumfLances  were  fimilar,  excepting  only  the 
form*  of  the  veflel  and  the  quantity  of  the  water.  When 
the  water  was  expofed  with  a  broad  furface,  infufion  of 
galls  fhowed  no  adtion  on  it  (a)  5  but  here,  even  after 
eight  hours  longer  expofure,  it  detected  oxide  of  iron. 

From  this  circumftance  I  began  to  fufpedt  that  fome 
change  was  produced  by  the  abforption  of  oxygen,  and 
that  it  had  not  produced  the  fame  effedt  in  this  as  in  the 
former  experiment,  on  account  of  the  quantity  of  the 
water  and  depth  of  the  veflel.  There  appeared,  however, 
a  ftrong  fadt  againft  this  fuppofition ;  viz.  that  iron  is 
more  eafily  detedted  when  highly  oxidized,  whereas  the 
reverfe  effedt  in  this  cafe  was  produced. 

To  try  the  effedt  of  atmofpheric  air,  the  following,  ex¬ 
periments  were  performed : 

e 

A  fmall  quantity  of  the  water  was  enclofed,  while 
hot,  in  a  well-ftopped  vial,  with  about  one-fortieth  of 
its  volume  of  atmofpheric  air.  After  four  days  the  water 
remained  perfedfly  tranfparent,  but  the  addition  of  infu¬ 
fion  of  galls  did  not  afford  the  flighteft  appearance  of  its 
containing  iron. 

/ 

Another  portion  of  the  water  was  kept  for  the  fame 
length  of  time  in  a  well-ftopped  vial,  but  without  any 
air  except  fuch  as  the  water  held  in  folution.  Infufion 
of  galls  occafioned  exactly  the  fame  appearance  of  iron 
in  this  as  in  the  water  when  frefti  and  hot  (X). 

That  the  adtion  of  infufion  of  galls  is  loft  by  the  ab¬ 
forption  of  the  oxygen  of  atmofpheric  air  is  proved  by  the 
following  experiment : 

B 
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A  third  quantity  of  the  water  Was  enclofed,  with  th«* 
ufual  precaution,  in  a  vial,  about  one  half  of  which 
was  occupied  by  the  gas  evolved  from  the  water  in  the 
bath,  which  has  been  fheWn  to  contain  no  oxygen  gas. 
After  four  days,  infufion  of  galls  was  added  to  it,  and 
gave  the  fame  appearances  of  oxide  of  iron  as  occur  in  its 
application  to  the  frefh  hot  water. 

Having  thus  afcertained  the  effect  of  oxygen  in  pre-* 
tenting  the  action  of  infufion  of  galls  upon  oxide  of  iron, 
it  remained  to  be  fhown  in  what  manner  this  is  effected. 
I  imagined  it  might  be  produced  by  increafing  the  powet 
of  combination  of  the  oxide  of  iron  fo  as  to  admit  of  its 
a£ting  upon  the  earthy  contents  of  the  water  and  forming 
Compounds,  the  ftrong  affinity  of  the  conftituents  of 
which  prevented  the  adtion  of  the  infufion  of  galls.  With 
a  view  to  afcertain  how  far  this  fuppofition  was  correct, 
I  examined  the  effe£ls  produced  by  adding  earbonate  of 
lime,  diffolved  by  carbonic  acid,  to  folution  of  fulphate 
of  iron  to  which  infufion  of  galls  had  been  previoufly 
added ;  and  although  it  will  appear,  by  the  following  ex¬ 
periments,  that  the  alterations  produced  upon  the  oxide 
of  iron  in  the  water  are  caufed  by  the  carbonate  of  lime 
it  contains,  it  will  alfo  be  found  that  they  are  not  effe£fed 
in  the  way  I  had  fuppofed. 

A  very  dilute  folution  of  green  fulphate  of  iron  was 
prepared  :  the  quantity  of  oxide  of  iron  contained  in  it 
was  fo  fmall  as  fcarcely  to  afford  any  alteration  of  colour 
when  infufion  of  galls  was  added  to  it ;  but  upon  pouring 
folution  of  carbonate  of  lime  into  it  after  infufion  of 
galls  had  been  added,  a  deep  red  colour  was  almoft  in- 
ftantaneoufly  produced. 
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Although  this  fadf:  did  not  immediately  appear  likely 
to  folve  the  difficulties  attendant  upon  the  water  in  ques¬ 
tion*  yet  it  was  Sufficiently  ftriking  to  merit  an  examina¬ 
tion  by  what  means  the  carbonate  of  lime  produced  this 
effedt,  and  to  what  extent  it  might  be  employed  in  ren¬ 
dering  infuSion  of  galls  a  more  adtive  re-agent. 

With  this  intention  I  boiled  fome  cryftallized  Sulphate 
of  iron  in  alcohol  till  nearly  the  whole  of  the  red  Sulphate 
was  Separated.  The  remaining  quantity  being  extremely 
Small,  I  Shall  conSider  the  iron  in  this  Solution  as  entirely 
in  the  ftate  of  protoxide.  The  Sulphate,  infoluble  in  alco¬ 
hol,  was  diffiolved  in  water,  and  the  quantity  of  the  oxide 
contained  in  a  given  portion  of  the  Solution  was  ascertained 
by  taking  the  average  of  two  experiments. 

h 

To  one  ounce  of  this  Solution,  containing  ToVodth 
of  a  grain  of  protoxide  of  iron,  infufion  of  galls  was 
added.  This  occafioned  the  ufual  appearances  indicated 
by  the  prefence  of  oxide  of  iron  in  a  very  flight  degree. 
The  colour  produced,  increafed  by  the  abforption  of  the 
oxygen  of  the  atmofphere. 

t 

An  equal  quantity  of  the  Solution  was  treated  with 
pruffiate  of  potafh.  A  light  blue  colour  was  immediately 
produced  by  the  minute  portion  of  peroxide  of  iron  which 
had  efcaped  the  adtion  of  the  alcohol :  the  intenfity  of  this 
colour  was  gradually  increafed  by  the  adfcion  of  atmo¬ 
spheric  air  till  the  iron  had  arrived  at  its  maximum  of 
oxidizement. 

k 

InfuSion  of  galls  was  added  to  one  ounce  of  a  dilute 
fblution  of  carbonate  of  lime  containing  TVoodth  of  * 
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grain  of  oxide,  as  in  the  former  experiments.  -A  red  pur¬ 
ple  colour,  of  very  confiderable  intenfity,  was  immedi¬ 
ately  produced. 

/ 

The  laft  experiment  was  repeated,  employing  only 
Toiroo-dth  of  a  grain  of  oxide,  inftead  of  ToVodth.  A  very 
difthuT  red  purple  was  immediately  produced  by  the 
a£fion  of  the  infufion  of  galls. 

m 

To  one  ounce  of  a  folution  of  carbonate  of  lime, 
containing  ToVodth  of  a  grain  of  oxide,  prufliate  of  potafh 
was  added  ;  but  it  did  not  produce  any  indication  of  hav¬ 
ing  adted  upon  the  oxide  of  iron. 

I  now  prepared  a  folution  of  red  fulphate  of  iron  by 
treating  the  green  fulphate  with  nitric  acid  in  a  red  heat. 
The  quantity  of  oxide  which  the  folution  contained  was 
as  in  the  former  cafe  afeertained.  The  experiments  made 
with  this  were  as  follow  : 

n 

One  ounce  of  a  folution  of  red  fulphate  of  iron, 
containing  ToVrrdth  of  a  grain  of  oxide,  was  treated  with 
infufion  of  galls.  The  ufual  indications  of  its  action  upon 
oxide  of  iron  were  prefented. 

o 

The  addition  of  prufliate  of  potafh  to  an  equal  quantity 
of  the  folution  immediately  occafioned  a  blue  colour. 

P 

Infufion  of  galls  was  added  to  one  ounce  of  a  dilute 
folution  of  carbonate  of  lime  containing  ToVodth  of  a 
grain  of  the  peroxide  of  iron.  Slight  indications  of  its 
action  upon  the  oxide  were  produced,  but  the  colour  was 
fcarcely  more  intenfe  than  that  effected  by  ToVoodth  of  a 
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grain  of  protoxide  in  fimilar  circumftances :  no  effect 
whatever  was  produced  by  infufion  of  galls  upon  T^oodth 
of  a  grain  of  peroxide  in  one  ounce  of  folution  of  carbo¬ 
nate  of  lime.  The  colour  produced  when  carbonate  of 
lime  and  infufion  of  galls  are  added  to  the  peroxide  is 
red  purple,  fimilar  to  that  occafioned  by  their  action  upon 
the  protoxide. 

9 

To  one  ounce  of  a  folution  of  carbonate  of  lime, 
containing,  as  in  the  laft  experiment,  ToVodth  of  a  grain 
of  peroxide  of  iron,  prufliate  of  potafh  was  added.  Not 
the  flighted  blue  colour  was  produced.  When  carbonate 
of  lime  was  thus  added  to  the  folution  of  peroxide  of  iron, 
I  found  that  it  was  capable  of  preventing  the  action  of 
prufliate  of  potafh  upon  yj-gth  of  a  grain. 

From  thefe  experiments  it  is  evident  that  carbonate  of 
lime  poflefies,  in  a  very  great  degree,  the  power  of  in- 
%creafing  the  adfion  of  infufion  of  galls  upon  protoxide  of 
iron ;  while,  on  the  contrary,  it  diminifhes  its  power  in 
detecting  peroxide  of  iron  ;  and  is,  moreover,  capable  of 
preventing  the  a&ion  of  prufliate  of  potafh. 

The  application  of  thefe  experiments  to  the  circum¬ 
ftances  of  the  water  in  queftion  is  obvious.  It  has  been 
fhewn  that  it  contains  carbonate  of  lime ;  and  that  ,  the 
power  of  infufion  of  galls  to  dete<T  the  oxide  of  iron  it 
contains  is  completely  loft  by  the  abforption  of  oxygen. 
The  following  experiment  was  made  with  the  intention  of 
trying  whether  this  efledf  of  flow  oxidizement  might  be 
imitated. 

r 

Infufion  of  galls  is,  as  has  been  feen,  capable  of 
a£ting  upon  ToWodth  of  a  grain  of  protoxide  of  iron  in 
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cne  ounce  of  folution  of  carbonate  of  lime  (/).  A  portion 
of  fulphate  of  iron  containing  ^oWdth  of  a  grain  of  pro-; 
toxide  was  diflolved  in  one  ounce  of  dilute  folution  of 
carbonate  of  lime,  and  was  kept  in  contadt,  with  about 
one-fourth  of  its  volume  of  atmofpheric  air,  during 
twenty-four  hours.  At  the  end  of  that  time  the  folution 
remained  perfedtly  tranfparent,  and  without  having  pre¬ 
cipitated  ;  but  the  addition  of  infufion  of  galls  did  not 
occafion  the  flighted:  appearance  of  haying  acted  upon  the 
oxide  of  iron.  In  this  experiment  the  lofs  of  power  of 
infufion  of  galls  is  much  more  fpeedily  effected  than  in 
the  Bath  water.  This  is  evidently  owing  to  the  atmo¬ 
fpheric  air  contained  in  the  diltilled  water  employed,  while 
no  oxygen  gas  is  prefent  in  the  Bath  water. 

When  carbonate  of  lime  is  added  to  fulphate  of  iron  it 
is  well  known  that  double  decompofition  takes  place,  th$ 
iron  being  thus  combined  with  the  carbonic  acid  inftead 
of  the  fulphuric.  Having  found  that  infufipn  of  galls, 
in  feveral  inftances,  adls  much  more  readily  upon  carbo¬ 
nates  than  fulphates,  I  imagined  that  the  carbonate  of 
lime  produced  its  efFedfc  in  this  way.  To  afcertain  whether 
this  fuppofition  was  corredt  I  made  the  following  experi¬ 
ment  : 

s 

A  quantity  of  the  folution  of  green  fulphate  of  iron, 
fimilar  to  that  employed  in  the  above-related  experi¬ 
ments,  was  decompofed  by  carbonate  of  potaih ;  carbo¬ 
nic  acid  gas  was  paflfed  through  water  in  which  the 
walhed  carbonate  of  iron  was  diffufed,  and  to  fome  of  the 
filtered  folution  infufion  of  galls  was  added ;  but,  inftead 
of  the  red  purple  colour  effedted  by  the  adtion  of  carbo-* 
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nafce  of  lime  upon  fulphate  of  iron  and  infufion  of  gall* 
(k)  and  (/),  the  ufual  deep  blue  colour  was  obtained. 

One  tenth  of  the  quantity  of  carbonate  of  iron  em¬ 
ployed  in  the  laft  experiment  was  diflolved  in  a  folution 
of  carbonate  of  lime  equal  in  meafure  to  the  laft  folution. 
To  this  infufion  of  galls  was  added.  The  red  purple 
polour  was  immediately  produced,  and  from  its  intenfity 
it  was,  evident  that  carbonate  of  lime  had  increafed  the 
power  of  infufion  of  galls  as  much  in  employing  the  car¬ 
bonate  as  the  fulphate  of  iron. 

It  may  be  concluded,  from  thefe  experiments,  that  the 
effe£ls  produced  by  carbonate  of  lime  are  not  attributable 
entirely,  ;f  at  all,  to  the  converfion  of  the  fulphate  of 
iron  into  a  carbonate.  Hence  I  was  induced  to  examine 
the  appearances  produced  by  the  action  of  the  various 
alkalies  and  earths  upon  infufion  of  galls  and  folutions  of 
iron.  The  refults  are  by  no  means  uninterefting,  but  the 
limits  ufual ly  allotted  to  an  analyfis  will  hardly  admit  of 
the  neceflary  details  *,  I  have,  therefore  related  only  fuch 
fa<fts  as  appeared  requifite  to  explain  the  changes  occurring 
in  the  Bath  water,  referving  the  ftatement  of  the  remain¬ 
ing  experiments  for  a  future  opportunity. 

I  next  examined  the  falts  produced  by  evaporating  the 
Water  and  cryftallization, 

H 

A  quantity  of  the  water  was  evaporated  to  drynefs  : 
{he  refiduum  was  treated  with  diftilled  water  as  long 
as  that  fluid  continued  to  diflolve  any  portion  of  it. 
This  folution  was  again  evaporated,  and  upon  cooling 
yielded  a  conflderable  quantity  of  acicular  cryftals.  Thefe 
were  again  diflolved  in  diftilled  water  5  and  to  a  part  of 
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the  folution  nitrate  of  barytes  was  added,  which  occa- 
fioned  a  copious  precipitate.  The  fame  effetT  was  pro¬ 
duced  by  oxalate  of  ammonia  °9  but  ammonia  caufed  no 
precipitation.  Thefe  cryftals  were  therefore  fulphate  of 
lime.  By  further  evaporation  the  folution  afforded  cubic 
cryftals  of  muriate  of  foda  and  prifmatic  cryftals  of  ful¬ 
phate  of  foda. 

The  next  objedf  to  be  attained  was  the  weight  of  the 
total  quantity  of  the  various  fubftances  held  in  folution 
by  a  given  portion  of  the  water.  This  has  been  given, 
with  confiderable  variation,  by  different  analyfts,  as  will  ap¬ 
pear  by  the  following  ftatement.  From  a  quart  of  the  water 
Dr.  Lucas  obtained  33^  grains  of  dry  refrduum. 

Dr.  Charlton  .  34 

Dr.  Falconer  .  17J 

Dr.  Gibbes  ...  23! 

To  account  for  the  great  difference  of  thefe  refults. 
Dr.  Saunders  has  fuppofed  that  the  water  varies  at’ dif¬ 
ferent  times,  or  that  the  reftduum  has  been  dried  with 
various  degrees  of  heat.  I  have  afeertained  the  quantity 
of  the  contents  of  the  water  feveral  times  during  about 
eighteen  months,  without  obferving  any  other  variation 
in  its  weight  than  is  unavoidable  in  experiment.  I11  fup- 
port  of  this  obfervation  it  may  be  Remarked,  that  I  found 
its  fpecific  gravity  exactly  as  ftated  by  Dr.  Falconer. 

It  is  fcarcely  probable  that  the  refults  of  any  of  thefe 
analyfes  were  obtained  by  drying  the  reftduum  at  a  lower 
temperature  than  21 2°,  or  at  a  greater  than  a  red  heat. 
Now  I  find  that  one  quart  of  the  water,  weighing  30  troy 
ounces  172  grains,  at  the  temperature  of  63°,  gives  32 
grains  of  reftduum  dried  at  2 1 2° :  when  the  heat  of  a 
fand-bath  is  employed,  30  grains  are  obtained  j  and  at  a 
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red  heat,  28  grains.  The  greateft  variation  afforded  by 
thefe  methods  is  four  grains  *,  whereas  from  fome  caufe, 
which  it  is  difficult  to  explain, .  the  extreme  difference  of 
the  experiments  above  cited  is  i6|  grains.  When  a  red 
heat  is  employed,  a  part  of  the  lofs  is  occafioned  by  the 
decompofition  of  the  carbonate  of  lime*,  for  water  poured 
upon  the  refiduum  turns  turmeric  paper  of  a  reddiffi 
brown  colour.  The  greater  part  of  the  refiduum  is  per¬ 
fectly  white  j  the  portion  depofited  at  the  upper  part  of 
the  veffel  is,  however,  ffightly  greyifh,  but  not  at  all 
appearing  as  if  coloured  by  oxide  of  iron.  I  fufpected 
that  it  might  be  occafioired  by  carbonaceous  matter  :  to 
afeertain  whether  this  was  the  cafe,  the  following  experi¬ 
ment  was  made : 

.  .  nx 

Four  pints  of  the  water  were  evaporated  to  drynefs 
in  a  retort,  and  the  refiduum  boiled  with  about  five 
ounces  of  alcohol.  The  filtered  folution  left,  on  evapo¬ 
ration,  8*3  grains  of  a  yellowifir-coloured  fubftance.  A 
part  of  this  was  diffolved  in  water,  and  afforded  a  copious 
white  precipitate  with  nitrate  of  filver,  but  did  not  give 
any  with  ammonia  or  with  carbonate  of  ammonia  :  muri¬ 
ate  of  foda  was  therefore  the  only  fait  diflolved  by  the 
alcohol. 

w 

To  the  remaining  portion  of  the  faline  mafs  colour- 
lefs  fulphuric  acid  was  added.  By  heating,  the  acid  ac¬ 
quired  a  dark  brown  colour,  evidently  derived  from  its 
•adrion  upon  carbonaceous  matter.  This  experiment  did 
not  appear  conclufive,  as  two  caufes  of  error  might  have 
exifted, — a  fmall  quantity  of  alcohol  was  probably  de- 
compofed  by  the  attipn  of  the  falts  upon  it,  or  fome  of 
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the  conferva  which  is  found  in  the  water  might  have 
efcaped  notice  previous  to  evaporation.  I  had  recourfe, 
therefore,  to  other  means.  Mr.  Kirwan,  in  his  Treatife 
on  the  Analyfis  of  Mineral  Waters,  gives  a  method  for 
ascertaining  the  prefence  and  quantity  of  extractive  mat¬ 
ter  propofed  by  Weftrumb,  which  confilts  in  precipitat¬ 
ing  the  muriatic  falts  by  nitrate  of  lead,  and  afterwards 
the  extractive  matter  by  nitrate  of  filver.  It  is  impoffible 
to  conceive  any  method  more  completely  fallacious  thap 
this ;  for  extractive  matter  is  as  readily  precipitated  by 
nitrate  of  lead  as  by  nitrate  of  filver  y  and  although  muri¬ 
ate  of  foda  is  decompofed  by  nitrate  of  lead,  muriate  of 
lead  being  a  fait  of  confiderable  Solubility,  the  fubfequent 
addition  of  nitrate  of  filver  would  decompofe  it,  and  afford 
a  precipitate  confiding  of  muriate  of  fiver  without  any 
extractive  matter, 

The  power  of  fulphuric  acid  tp  deteCt  carbonaceous 
matter  is  extremely  great :  T«jodth  of  a  grain  of  fugar  was 
diffolved  in  four  ounces  of  water  y  to  this  folution  about 
one  ounce  of  fulphuric  acid  was  added  ;  it  was  then  boiled, 
till  nearly  the  whole  of  the  water  was  evaporated,  and  the 
acid  had  acquired  a  very  diifinCl  brown  colour. 

The  following  experiment  was  now  made  ; 

x 

A  quantity  of  fulphuric  acid  was  added  to  one  quart 
pf  the  water  perfectly  tranfparent,  and  free  from  heter¬ 
ogeneous  matter.  The  mixture  was  evaporated  nearly 
to  drynefs  in  a  retort,  and  the  acid  remained  perfectly 
colourlefs.  The  water,  therefore,  contains  no  carbona¬ 
ceous  matter. 

The  fubftances  contained  in  the  water,  as  Ihown  by 
the  foregoing  experiments,  are,  carbonate  of  lime. 


23 

o^ide  of  iron,  fulphate  of  lime,  muriate  of  foda,  and 
fulphaie  of  foda.  The  prefence  of  thefe  compounds  has 
been  univerfally  allowed  j  but  that  filica  is  contained  in 
the  water,  was  discovered  by  Dr.  Gibbes.  To  find  the 
quantity  of  each  of  thefe,  the  following  methods  were 
employed :  , 

y 

A  quart  of  the  water  was  evaporated  to  drynefs  in  a 
platina  crucible  :  the  refiduum,  dried  in  a  fand  heat, 
weighed  thirty  grains.  This  was  boiled,  with  fuccef- 
five  portions  of  diftilled  water,  till  it  ceafed  to  afford  a 
precipitate  with  nitrate  of  barytes.  The  folution  was 
then  divided  into  three  equal  quantities. 

z 

To  one  of  thefe  portions  nitrate  of  filver  was  added 
as  long  as  precipitation  took  place,  and  diftilled  water 
was  poured  upon  the  precipitate  till  it  came  away  quite 
pure.  The  muriate  of  filver  thus  obtained  was  weighed 
after  exficcation. 

4 

The  fecond  quantity  was  treated  with  oxalate  of  ammo¬ 
nia  while  it  continued  to  produce  any  effect .  The  preci¬ 
pitated  oxafate  of  lime  was  waflied,  dried,  and  weighed. 

B 

To  the  remaining  part  of  the  folution  nitrate  of  ba¬ 
rytes  was  added  till  it  ceafed  to  produce  any  precipitate  \ 
and  the  fulphate  of  barytes  obtained  by  its  adfion  wag 
weighed,  after  wafhing  and  drying,  as  in  the  former  ex¬ 
periments. 

C 

The  refiduum,  infoluble  in  water,  weighed,  when 
dried,  two  grains :  nitric  acid  ^dded  to  it  diffolved  1*7 
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grains.  This  folution  afforded  no  precipitate  with  am¬ 
monia,  but  a  copious  one  with  oxalate  of  ammonia :  it 
was  therefore  nitrate  of  lime  obtained  by  the  decompofition 
of  the  carbonate. 

D 

The  ‘3  of  a  grain  left  by  the  nitric  acid  was  diffolved 
by  potafh,  and  precipitated  from  it  by  muriate  of  ammo¬ 
nia.  This  precipitate  was  not  again  foluble  in  nitric  acid, 
and  was  gonfequently  filica. 

Another  quart  of  the  water  was  treated  in  the  fame 
way.  To  avoid  prolixity,  I  fhall  ft  ate  the  quantity  of 
each  precipitate  afforded  by  one-third  of  a  quart  multiplied 
by  three,  and  make  the  requifite  calculations  from  the 
mean  of  the  two  experiments. 


Exp.  I. 

Exp.  II. 

Mean. 

Refiduum  . 

3°* 

3°* 

3°’ 

grain 

Muriate  of  filver  * 

16*2 

1 6- g 

16*2 

do. 

Oxalate  of  lime 

i8'3 

I7‘7 

i8* 

do. 

Sulphate  of  barytes 

36-6 

36'9 

36'7 

do. 

Carbonate  of  lime 

I'T 

VS 

i  '6 

do. 

Silica  . 

•3 

*4 

*35 

do. 

According  to  Dr.  Gibbes,  a  quart  of  the  water  affords 
nearly  4  grains  of  filica  when  treated  in  the  method  I 
have  deferibed.  Thinking  it  probable  that' a  portion  of  it 
might  be  taken  up  by  the  adlion  of  the  Tails  during  their 
folution  in  water,  I  tried  whether  any  larger  quantity 
could  be  obtained  by  the  following  method : 

'  -  E 

A  quart  of  the  water  was  evaporated  to  drynefs  in  a 
platina  crucible.  The  reffduum  was  repeatedly  treated 
with  nitric  acid  in  a  red  heat  j  the  foluble  parts  were 
again  diffolved  by  diftilled  water,  and  the  portion  info- 
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luble  in  it,  when  dried,  weighed  *4  of  a  grain.  This 
agreeing  exadidy  with  the  laft  experiment,  I  fhall  confider 
as  the  quantity  of  filica  afforded  by  a  quart  of  the  water. 
This  experiment  was  feveral  times  repeated,  with  very 
little  variation  in  the  weight  of  the  refult,  but  was  fome- 
times  evidently  coloured  by  oxide  of  iron,  which  was 
feparated  from  the  filica,  and  its. nature  aiccrtained  by  the 
ufual  means.  But,  even  when  employing  apparently  per¬ 
fectly  fimilar  means,  the  oxide  of  iron  was  not  always  to 
be  obtained, — an  effeCt  attributable  to  the  decomposition 
of  the  muriate  of  foda  by  the  nitric  acid,  and  to  the 
power  which  muriatic  acid  pofTeffes  of  carrying  off  oxide 
pf  iron  ;  but  for  the  uncertainty  of  its  aCtion  it  is  not  eafy 
to  account. 

To  find  the  quantity  of  oxide  of  iron  contained  in  the 
water,  the  following  means  were  employed  : 

F 

To  a  quantity  of  the  hot  water  infufion  of  galls  was 
added  in  the  requifite  proportion.  The  water  meafured 
when  cold  pints.  The  precipitate  obtained  was 
feparated  by  the  filter,  and  dried : — the  precipitate  and 
filter  were  then  burned  together  in  a  platina  crucible,  and 
the  carbonaceous  matter  of  the  filter,  and  that  combined 
with  the  iron,  were  got  rid  of  by  the  application  of  a  red 
heat.  The  refiduum  was  then  treated  with  nitric  acid, 
in  order  completely  to  oxidize  the  iron; — it  was  then 
boiled  with  acetic  acid  to  take  up  the  lime  precipitated 
with  the  oxide  of  iron  by  the  infufion  of  galls ;  and 
afterwards  with  potafli,  to  diflblve  any  filica  which  the 
filter  might  have  furnifhed — the  remaining  fubftance  was- 
evidently  oxide  of  iron,  and  weighed  *2  of  a  grain. 
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G 

The  laft  experiment;  was  repeated,  flightly  varying 
the  method.  Infufion  of  galls  was  added,  as  before,  to  a 
quantity  of  the  hot  water,  meafuring  after  it  had  cooled 
iyj  pints.  The  precipitate  was  fuffered  to  fubfide,  and 
the  water  poured  off  till  only  a  fmall  quantity  remained. 
This  was  evaporated,  and  the  refiduum,  treated  with 
nitric  acid  in  a  red  heat,  weighed  *5  of  a  grain.  Being 
expofed  to  a  red  heat  with  carbonaceous  matter,  it  be¬ 
came  magnetic,  and  diffolved  in  muriatic  acid,  except 
TVth  of  a  grain,  which  appeared  to  be  filica,  derived  from 
the  water  evaporated  to  obtain  the  precipitate  formed  by 
infufion  of  galls.  The  muriatic  folution  afforded  a  blue 
precipitate  with  pruffiate  of  potafh,  '4  were  therefore  oxide 
of  iron. 

According  to  the  experiment  (jp)  one  quart  of  the 
water  affords  *00421  of  a  grain  of  oxide  of  iron,  and  by 
the  fecond  *00463,  giving  a  mean  of  *00442  *,  but  the  iron 
in  the  water  is  in  the  (late  of  protoxide ;  and  as  the 
peroxide  confifts  of  66*5  protoxide,  and  33*5  oxygen, 
*00442  will  give  *00394,  the  quantity  of  protoxide  of  iron 
in  one  quart. 

242  of  muriate  of  filver  indicate  100  of  muriate  of  foda, 
16*2  will  therefore  give  6*6. 

100  of  oxalate,  of  lime  are  produced  by  100  of  fulphate 
of  lime,  18  will  then  give  18. 

100  of  fulphate  of  lime  afford  175  of  fulphate  of  ba¬ 
rytes,  18  will  then  produce  31*5,  which  fubtracied  from 
36*7,  the  whole  quantity  of  fulphate  of  barytes  obtained, 
leave  5*2  for  the  fulphate  of  barytes  formed  by  the  ful¬ 
phate  of  foda  ;  and  as  1 00  of  fulphate  of  foda  give  1 70  of 
fulphate  of  barytes,  5*2  yield  3. 


One  quart  of  the  water  therefore  contains 


Carbonic  acid 
Sulphate  of  lime 
Muriate  of  foda 
Sulphate  of  foda 
Carbonate  of  lime 
Silica 

Oxide  of  iron 

Lofs 


2*4  inches, 
1 8*  grains. 
6*6 
3-o 
i*6 

*4 

•00394 

29-60394 

•39606 


3°* 


Eftimating  the  muriate  and  fulphate  of  foda  in  the  cryf- 
hllized  ftate,  one  pint  of  the  water  contains  nearly  as 
follows : 


Carbonic  acid  .  *  tr  inch. 

Sulphate  of  lime  .  *  9  grains. 

Muriate  of  foda  .  •  3t 

Sulphate  of  foda  .  •  3z 

Carbonate  of  lime  .  T8^ 

Silica  ....  -5- 

Oxide  of  iron  .  .  fr 


FINIS, 


Jl 

Phillips  Sc  Fardon,  Printers,  George  Yard,  f.ombard  Street,  London 


TO  -V 

‘ 


1 


i 


\ 


'■)  '  *&<  :•  •  .  f 


Ur: 


‘  I 


/ 


- 

•  •  •).  i  * 


# 


\ 


